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Abstract  The  ﬂexor  system  of  the  ﬁngers  consisting  of  ﬂexor  tendons  and  ﬁnger  pulleys  is  a  key
anatomic  structure  for  the  grasping  function.  Athletes  and  manual  workers  are  particularly  at
risk for  closed  injuries  of  the  ﬂexor  system:  ruptured  pulleys,  ruptures  of  the  ﬂexor  digitorum
profundus from  its  distal  attachment  (‘‘jersey  ﬁnger’’),  and  less  frequently,  ruptures  of  the
ﬂexor digitorum  superﬁcialis  and  of  the  lumbrical  muscles.  Open  injuries  vary  more  and  their
imaging  features  are  more  complex  since  tendons  may  be  torn  in  several  locations,  the  locations
may be  unusual,  the  injuries  may  be  associated  with  nerve  and  vascular  injuries,  ﬁbrosis.  .  .
Sonography  is  the  best  imaging  modality  to  associate  with  the  clinical  exam  for  it  allows  an
experienced  physician  to  make  an  accurate  and  early  diagnosis,  crucial  to  appropriate  early
treatment planning.© 2015  Éditions  franc¸aises  de  radiologie.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.The  hand  is  the  prehension  organ.  The  ﬂexor  system  of  the  ﬁngers,  consisting  of  the  ﬂexor
digitorum  profundus  and  the  ﬂexor  digitorum  superﬁcialis  tendons  as  well  as  the  ﬁnger
pulleys  is  a  key  anatomic  structure  for  the  complex  grasping  function  of  the  hand.
Abbreviations: P1, proximal phalanx; P2, middle phalanx; P3, distal phalanx; PIP, proximal interphalangeal joint; DIP, distal interpha-
langeal joint.
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Figure 2. Flexor system of the four ﬁngers (dissection). Fibrous
sheath: a: lateral view: ‘‘perforation’’ of the ﬂexor digitorum super-
ﬁcialis (FS) by the ﬂexor digitorum profundus (FP), dotted points
show the vinculum longus (L Vi) and the vinculum brevis (B Vi); b:
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The  goals  of  this  review  were  to  brieﬂy  review  the
natomy  of  the  ﬂexor  system  and  describe  the  imaging  fea-
ures  of  the  most  common  traumatic  injuries  including  acute
ulley  ruptures,  indirect  injuries  and  ﬁnally  direct  (open)
raumatic  injuries  of  the  tendons.
natomy of the ﬂexor system of the four
ngers
he ﬁbrous sheath of the ﬂexors
t  the  level  of  the  metacarpal  head,  the  ﬂexor  tendons  of
he  ﬁngers,  surrounded  by  a  synovial  sheath  enter  a  narrow
steoﬁbrous  tunnel,  formed  by  the  anterior  cortex  of  the
halanges  (back)  and  the  ﬁbrous  sheath  (front  and  sides)
Fig.  1).
The  ﬁbrous  sheath  forms  ﬁve  annular  pulleys  (numbered
 to  V  in  the  four  ﬁngers),  strong  thickenings,  made  out  of
oncentric  ﬁbers  that  can  resist  to  loads  of  up  to  700  N  [1]
nd  between  0.3—  and  0.5—  mm  thick  [2].
Pulley  A1  keeps  the  ﬂexor  tendons  on  the  head  of  the
rst  metacarpal,  pulleys  A3  and  A5  on  the  head  of  the  ﬁrst
nd  second  phalanges  and  pulleys  A2  and  A4  keep  the  ﬂexor
endons  against  the  anterior  cortex  of  the  P1  and  P2  pha-
anges.
Their  purpose  is  to  orient  the  force  of  the  ﬂexor  tendons
nd  to  convert  the  linear  translation  into  rotation  by  the
nterphalangeals  while  preventing  bowstringing.  [3].
Cruciform  pulleys  (numbered  I  to  III),  located  between
he  annular  pulleys,  allow  ﬂexion  to  the  ﬁbrous  sheath.
lexor tendonshe  anatomy  of  the  ﬂexor  system  of  the  four  ﬁngers  is  com-
lex  (Figs.  1  and  2).
igure 1. Flexor system of the four ﬁngers (lateral plane): a:
brous sheath: pulleys A1 to A5 hold the tendons to the phalanges,
he cruciform pulleys in between the annular pulleys (in red) allow
he ﬁbrous sheath to remain ﬂexible; FP: ﬂexor digitorum pro-
undus; FS: ﬂexor digitorum superﬁcialis; b: tendons without the
ulleys to better visualize the division of the FS into two slips. The
esotendons of the FP are shown in orange: the vinculum longus (L
i) and the vinculum brevis (B Vi).
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cexor system seen from above, note the double-bundle appearance
f the FP (arrows) rarely described in the anatomy literature.
Proximal  to  the  metacarpal  head,  the  ﬂexor  digitorum
uperﬁcialis  and  profundus  tendons  have  an  almost  identical
val-shaped  cross-section  and  overlap.
At  the  level  of  the  metacarpal  head  and  metacarpopha-
angeal  joint,  the  ﬂexor  digitorum  superﬁcialis  divides  into
wo  ‘‘crescent-moon-shaped’’  slips.
The  slips  spiral  distally  on  both  sides  of  the  ﬂexor  dig-
torum  profundus  tendon  then  join  together  underneath,
orming  a  concave  gutter  on  the  palmar  aspect  of  P2  [4].
The  ﬂexor  digitorum  profundus  tendon,  which  often
ooks,  during  dissection,  like  two  juxtaposed  bundles  not
ften  described  in  the  anatomical  literature  (Fig.  2),
ttaches  to  the  palmar  base  of  P3.  Mesotendons  or  vincula
upply  blood  and  connect  the  tendon  to  the  underlying  pha-
anges:  the  vincula  brevia,  above  the  distal  insertion  of  the
endon,  and  the  vincula  longa  extending  from  the  dorsal
spect  of  the  long  ﬂexor  tendon  to  the  palmar  surface  of
he  distal  metaphysis  of  P1.
raumatic ﬂexor tendon pulley injuries
eneral background information
ulley  ruptures  result  from  a  sudden  heavy  strain  on  the
exors  of  one  ﬁnger,  such  as  is  the  case  when  carrying  a
eavy  load  or  when  climbers  use  the  crimp  grip  (Fig.  3).
Elite  rock  climbers  may  ﬁnd  themselves  in  a  situation
here  their  entire  body  weight  is  placed  on  one  or  two  ﬁn-
ers.  In  such  a  case,  the  pulley  system  may  be  exposed  to
oads  that  can  reach  700  Newton  [1].  Pulley  injuries  are  fre-
uent  in  climbers  and  represent  30%  of  ﬁnger  injuries  in  this
roup  [5,6].
Clinically,  the  patient  feels  a  sudden  pain  in  the  volar
spect  of  the  ﬁnger  and  sometimes  hears  a  snap.  The  initial
linical  examination  is  limited  by  swelling  and  pain.
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Figure 3. Pulley injuries caused by the crimp grip: a and b: the crimp grip is very useful when faced with small ﬂat ledges in the rocks;
f the metacarpophalangeal (MCP). Sometimes, for additional strength,
3.
Figure 4. MRI of a ruptured A4 pulley in axial plane (a) and sagi-
ttal plane (b). Three weeks after sudden pain in the middle ﬁnger of
a climber during training. MRI (Fat Sat PD weighted) during resisted
ﬂexion. Effusion of the deep part of the ﬂexor sheath (**) and gap
between ﬂexors and cortical (double arrow in a, and arrows in b)
a
r
•
•
•it consists of a hyperextended DIP, ﬂexed PIP, and discrete ﬂexion o
the thumb (b) is locked over the dorsal side of the second ﬁnger’s P
Injuries  to  the  A2  pulley  of  the  fourth  and  third  ﬁngers
are  the  most  frequent  pulley  injuries.  They  may  be  isolated
or  associated  with  an  injury  of  the  A3  pulley.  Isolated  A4
pulley  injuries  are  also  possible.
MRI and CT scan
Diagnosis  can  be  based  on  MRI  [7]  and  even  CT  scan  (using
soft-tissue  windows)  [3],  when  ﬂexor  tendons  move  forward
and  lose  concavity:  there  is  bowstringing  of  the  ﬂexor  ten-
dons  at  the  level  of  the  injured  pulley(s)  (Fig.  4).
Sonography
The advantages of sonography
Sonography  is  currently  considered  the  most  adequate  imag-
ing  modality.
Compared  to  all  the  other  imaging  modalities,  sonogra-
phy  provides  better  deﬁnition,  and  easily  visualizes  pulleys
that  have  a  thickness  that  does  not  exceed  0.3  to  0.5  mm
under  normal  conditions  [2].  With  the  latest  equipment
and  high-frequency  transducers,  normal  pulleys  have  gener-
ally  a  three-layered  appearance,  with  a  hypoechoic  central
portion  and  hyperechoic  superﬁcial  and  deep  interface
(Fig.  5).
Also,  ultrasound  is  the  only  modality  that  captures  in
real-time  the  ﬂexor  tendons  and  pulleys  throughout  dynamic
movements  such  as  resisted  ﬂexion.
Finally,  the  use  of  ultrasound  is  increasing  because  it  is
less  costly  and  is  widely  available,  making  it  possible  to  start
treatment  planning  early  on.
Sonographic manifestations
On  sonography,  the  manifestations  of  pulley  rupture  (partial
or  complete)  are  (Fig.  6):
• a  hypoechoic  swelling  of  the  injured  pulley  (as  compared
to  the  contralateral  side);t the level of the diaphysis of the second phalanx, indicating a
uptured A4 pulley.
sheath  effusion,  of  particular  topology,  observed  behind
the  ﬂexor  tendons  during  the  acute  phase;
hyperintense  ﬂexor  sheath  and  injured  pulley  (Doppler);
an  abnormal  separation  between  the  ﬂexor  tendons  and
the  anterior  cortex  of  the  phalanges  (normal  distance  is
between  0.5  and  1  mm),  causing  bowstringing  of  the  ten-
dons  at  the  level  of  the  injured  pulley.  The  gap  is  increased
during  resisted  ﬂexion  (ﬂexed  PIP  joint  at  40◦,  ﬂexed  DIP
at  10◦, the  radiologist’s  ﬁnger  presses  the  patient’s  ﬂexed
ﬁngertip).
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Figure 5. Sonogram of normal pulleys. The latest equipment easily visualizes normal pulleys, thin (0.3 to 0.5 mm), often with a three-
layered appearance, with a hypoechoic central portion and a hyperechoic superﬁcial and deep interface: a: longitudinal palmar view at
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iew (b) and in axial view (c).
the  injured  pulley  is  incarcerated  under  the  ﬂexor  tendons
(Fig.  7)  (hyperechoic  structure  ‘‘ﬂoating’’  in  the  effusion
between  the  ﬂexor  tendons  and  the  anterior  cortex  of  the
phalanx).
According  to  Klauser  et  al.  [1],  a  gap  greater  than  1  mm
n  forced  ﬂexion  is  a  sign  of  injury.In  the  series  she  reviewed  [1],  in  case  of  rupture,  the
ean  values  (±  standard  deviations)  of  ‘‘cortical  bone-
endon  separation’’,  in  sagittal  plane,  at  rest  and  in  resisted
exion  (resisted  ﬂexion  in  brackets)  were: c
igure 6. Complete rupture of an A2 pulley in a climber, 2 weeks afte
nd in resisted ﬂexion (b). Most of the signs of rupture are visible: hypo
he ﬂexor sheath behind the ﬂexor tendons at the acute phase (*), abno
rrow), increased during resisted ﬂexion; c and d: transverse views of the
nd marked posterior sheath effusion (*); d: thickened pulley (arrows),
iew of the injured ﬁnger: ﬂexor sheath and A2 pulley look ‘‘hypervascuys A2 and A1 (arrows); b and c: close-up of a pulley in longitudinal
2.8  ±  0.7  mm  (4.6  ±  0.6  mm)  in  front  of  P1  in  case  of  A2
pulley  rupture  (obtained  at  15—20  mm  from  the  base  of
P1);
2.9  ±  0.6  (6.1  ±  0.5  mm)  in  case  of  combined  A2  and  A3
pulley  ruptures,  dynamic  imaging  is  required  for  accurate
diagnosis  (values  overlap  at  rest);
1.5  ±  0.4  mm  (3.1  ±  0.5  mm)  in  front  of  P2  in  case  of  A4
pulley  rupture  (values  obtained  from  the  middle  of  P2).
Sonography  results  must  be  evaluated  together  with  the
linical  data.  Especially  since  pulleys  may  also  be  swollen  for
r the injury: a and b: sonograms (sagittal plane) of P1 at rest (a)
echoic swelling of the injured pulley (arrows), marked effusion of
rmal separation between ﬂexors and anterior cortex of P1 (double
 injured ﬁnger; c: gap between ﬂexors and cortical (double arrow)
 Doppler hyperintense pulley is clearly visible; e: Doppler sagittal
larized’’.
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Figure 7. Incarcerated A2 pulley. Ruptured A2 pulley is evidenced
by the tendon-cortical gap (a), increased in resisted ﬂexion (b).
Under the ﬂexors we may see a hyperechoic linear structure
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r(arrows) ‘‘ﬂoating’’ in the anechoic effusion (b), corresponding to
a displaced ruptured A2 pulley, incarcerated under the tendons.
reasons  other  than  traumatic  injuries,  for  instance  chronic
sheath  disorders,  such  as  tenosynovitis.  In  that  case,  the
effusion  is  generally  located  in  the  anterior  surface  of  the
ﬂexor  tendons.
Treatment
Reconstructive  surgery  (pulley  reconstruction  by  means  of  a
tendon  graft  from  the  long  palmaris  muscle  or  from  exten-
sor  retinaculum)  may  be  proposed  to  elite  climbers  [8,9],
especially  in  case  of  combined  A2  and  A3  pulley  injuries.
According  to  some  experts  [9],  surgery  may  also  be  recom-
mended  in  case  of  pulley  incarceration.
For  isolated  A2  and  A4  pulleys,  conservative  treatment  is
usually  recommended  (‘‘brace’’  orthosis).
If  treatment  is  not  adequate,  permanent  ﬂexion  defor-
mity  of  the  PIP  may  occur.
Classic closed trauma injuries of the ﬂexor
tendons: ‘‘jersey ﬁnger’’
General background information
The  ‘‘jersey’’  or  ‘‘rugby’’  ﬁnger  is  an  avulsion  of  the  distal
insertion  of  the  ﬂexor  digitorum  profundus  (avulsion  of  only
the  tendon  or  the  tendon  with  its  bony  attachment),  with
more  or  less  severe  retraction  depending  if  the  vincula  are
involved  and  on  the  size  of  the  bone  fragment,  if  any.
The  insertion  of  the  ﬂexor  digitorum  profundus  is  very
broad  and  very  solid.  Therefore,  the  jersey  ﬁnger  remains  a
rare  injury,  although  it  is  the  most  frequent  closed  rupture
injury  in  a  ﬂexor  tendon.
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The  ‘‘jersey  ﬁnger’’  results  from  forced  extension  of  a
exed  ﬁnger,  for  instance  while  grasping  the  jersey  of  an
pposing  rugby  player  or  a  judo  kimono.
In  80%  of  the  cases,  it  affects  the  ring  ﬁnger  [10].
Clinically,  the  patient  presents  at  time  of  injury  a  sudden
ain  in  the  ﬁnger,  followed  by  the  inability  to  bend  the  DIP
impaired  active  ﬂexion  of  P3  on  P2).  Hematoma  and  edema
re  often  observed  in  the  ﬁnger.
Loss  of  function  is  not  too  troublesome  and  is  believed  to
ome  from  the  pain.  This  explains  why  treatment  is  sought
ate.  Only  50%  of  the  cases  reviewed  by  Gaston  [11]  were
iagnosed  in  emergency  setting.
In  order  to  classify  the  lesions  for  prognosis  and  treat-
ent,  Leddy  and  Packer  [12]  categorized  the  lesions  into
hree  types.  Other  experts  added  two  additional  types
Fig.  8):
type  I:  the  tendon  of  the  ﬂexor  digitorum  profundus
retracts  into  the  palm,  both  short  and  long  vincula  are
ruptured.  This  type  is  the  most  commonly  observed  in
older  injuries  (Figs.  9  and  12);
type  II:  the  tendon  retracts  to  the  level  of  the  proxi-
mal  interphalangeal  joint,  and  the  vincula  longa  remain
intact.  A  small  piece  of  bone  may  be  pulled  off.  This
type  is  the  most  commonly  observed  in  recent  injuries
(Figs.  10,  11  and  13);
type  III  (unusual  type):  a  large  bone  fragment  avulses,
remains  stuck  at  the  level  of  pulley  A5  and  limits  retrac-
tion  of  the  tendon  (Fig.  14a  and  b);
Smith  [13,14]  reports  a  fourth  subtype,  type  IV;  this  is
the  combination  of  avulsion  of  the  distal  insertion  of  the
ﬂexor  digitorum  profundus  with  an  articular  fracture  at
the  base  of  P3;  the  bone  fragment  is  not  attached  to  the
avulsed  tendon,  which  retracts  into  the  palm;
Al  Qattan  [15]  added  a  ﬁfth  type,  a  bone  avulsion  of  the
ﬂexor  digitorum  profundus  associated  with  another  frac-
ture  of  the  distal  phalanx  (Fig.  14c);
ﬁnally,  in  our  experience,  we  have  observed  an  additional
type  (Fig.  14d):  the  insertion  of  the  ﬂexor  digitorum  pro-
fundus  remains  intact  but  the  dorsal  side  of  the  phalanx
is  fractured  by  resisting  forces.  The  image  is  that  of  ‘‘a
false  mallet  ﬁnger’’.  The  diagnosis  of  mallet  ﬁnger  may
easily  be  discarded  based  on  the  following:  large  size  of
fragment,  initial  mechanism  and  normal  appearance  of
the  extensor  tendon.
maging
maging  enables  the  radiologist  to  diagnose  and  classify  the
njuries  [16,17].
adiography
maging  starts  with  standard  radiography  of  the  injured  ﬁn-
er  (mostly  lateral  view),  for  signs  of  bony  avulsion  of  the
istal  insertion  of  the  tendon  and  for  any  additional  fracture.
Avulsion  may  involve  only  the  tendon,  and  in  this  case,
nly  MRI  [16]  and  sonograms  will  show  where  the  tendon  has
etracted.onography
onography  manifestations  have  been  well  described,  but
ay  be  hard  to  see  by  a  non-specialized  physician.  Indeed,
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Figure 8. Different types of Jersey Finger. Injured structures are shown in red: a: type I (Leddy and Packer): the ﬂexor digitorum profundus
retracts into the palm, rupture of both vinculum longus and brevis; b: type II: the ﬂexor digitorum profundus tendon retracts to the PIP
level with vinculum longus remaining intact; c: type III: large bony fragment of P3 stuck at the level of pulley A5 and preventing tendon
retraction; d: Smith’s type IV: association of avulsion of the distal insertion of the ﬂexor digitorum profundus with an articular fracture at
the base of P3; the bone fragment is not attached to the avulsed tendon; e: type V (Al Qattan): bone avulsion of ﬂexor digitorum profundus
tendon associated with another fracture of the distal phalanx (arrow); f: other type encountered by us: insertion remained intact but dorsal
aspect of phalanx was fractured by resisting forces (arrow), producing a ‘‘false mallet ﬁnger image’’.
Figure 9. Jersey ﬁnger type I according to Leddy and Packer: a and b: injured ring ﬁnger (sagittal plane): complete rupture of the ﬂexor
digitorum profundus characterized by reduced thickness of the tendinous area (a) with interruption of ﬁbrillar echo structure (arrow heads)
at the level of P2, replaced by a hypoechoic area that does not move during dynamic movements. Proximal (b) at the level of the MCP,
only the ﬂexor digitorum superﬁcialis is visible, making the ﬂexor tendons look thinner than the contralateral side (double arrow); c and d:
unaffected ﬁnger for comparison: normal ﬂexor digitorum profundus (arrow), normal ﬂexor digitorum profundus and superﬁcialis, proximal
(double arrow); e: sonography, axial transverse view: the ﬂexor digitorum profundus tendon retracts into the palm (dotted arrows) looking
thicker (similar to a slackened rubber band). Fibrous scarring and adhesion occur at this retraction site making surgery very difﬁcult, if
performed long after the injury has occurred; f: same with MRI (axial view, Fat Sat PD weighted).
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Figure 10. Sonograms of Jersey ﬁnger type II according to Leddy
and Packer (sagittal views): a: at the level of the 2nd phalanx,
interrupted normal ﬁbrillar echo structure of the ﬂexor digitorum
profundus (**), replaced by a heterogeneous (**) area that does not
move during dynamic movements; the A4 pulley also looks ‘‘too
beautiful’’ (arrow heads); b: at metacarpophalangeal joint and ﬁrst
phalanx level, the ﬂexor digitorum superﬁcialis (FS) and profundus
(FP) appear again normal.
Figure 11. Jersey ﬁnger type II according to Leddy and Packer
with bony avulsion: a: sagittal plane through PIP of the left ring
ﬁnger shows absence of ﬁbrillar tendon (arrow heads) at the level
of PIP. The end of the ﬂexor digitorum profundus tendon attached
to a bone (P3 bony avulsion) is retracted at the level of P1 (arrows);
b: transverse axial view at the level of P1 shows the bony avulsion
(arrows) attached to the ﬂexor digitorum profundus; c: increased
ﬂexor digitorum profundus (double arrow) at the level of the palm
(the retraction of the tendon end at the level of P1 caused a problem
of tension and enlarged tendon at the palm); d: compared to the
contralateral ﬂexor (dotted double arrow).
Figure 12. MRI of the 5th ﬁnger, Jersey ﬁnger type I according to Leddy and Packer: a: coronal view with ‘‘large ﬁeld of view’’ (Fat Sat
PD), evidencing the ‘‘tortuous swirl’’ retraction of the ﬂexor digitorum profundus tendon into the palm (arrow heads); b—e: axial views,
Fat Sat PD weighted, successively on hand and four ﬁngers (b: palm of hand; c: metacarpophalangeal joint; d: P1; e: P2). Arrowheads show
the retracted ﬂexor digitorum profundus, and arrows show the ﬂexor digitorum superﬁcialis and its slips.
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Figure 13. MRI of Jersey ﬁnger type II according to Leddy and Packer 
evidences the ‘‘tortuous’’ and distended appearance of the ﬂexor digito
successive axial views, Fat Sat PD, of hand and four ﬁngers (b: palm; c:
of P1 and palm is shown by the arrowheads, the ﬂexor digitorum superﬁ
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•ype II with a T2 hyperintense ‘‘inﬁltration’’ of the ﬂexor sheath, a
ing ﬁnger.
 clear  tendon  injury  is  rarely  detected  as  a  clear  anechoic
pace.
An  experienced  physician  with  adequate  equipment
high-frequency  transducers)  and  dynamic  sonography
an  provide  an  accurate  description  of  the  injuries
18,19].Sonography  manifestations  are  (Figs.  9—12):
complete  ruptures,  characterized  by  focal  interruption  of
the  ﬁbrillar  echo  structure  of  the  tendon  that  is  replaced
by  a  hypoechoic  or  anechoic  area  sometimes  thicker  than
igure 14. Other types of Jersey ﬁnger: a and b: Jersey ﬁnger type
reatment: bony avulsion of the distal attachment of the ﬂexor digitor
‘stuck’’ under A5 pulley. Sonograms conﬁrm the continuity of the tendon
e do not see this continuity, making systematic sonograms necessary in
15], combining a bony avulsion of the insertion of the ﬂexor digitorum p
arrow); d: last type of jersey ﬁnger (‘‘type VI’’) not described in the li
he resisting forces fractured the dorsal aspect of the 3rd phalanx.
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of the 4th ﬁnger: a: coronal view ‘‘large ﬁeld of view’’, Fat Sat PD
rum profundus tendon at the level of the palm (arrow heads); b—d:
 P1; d: P2). The retracted ﬂexor digitorum profundus at the level
cialis and its slips are shown by the arrows. Recent tendon rupture
l as the ﬁbrous and fatty structures that surround the tunnel in the
the  tendon  (distended  synovial  sheath  due  to  ﬂuid,  blood,
scarring  tissue,  debris);
dynamic  imaging  detects  better  the  rupture  site,  by  show-
ing  ‘‘asynchronic’’  movements  of  the  tendon  ends;  the
proximal  retracted  tendon  end  does  not  move  in  passive
ﬂexion  and  moves  in  active  ﬂexion,  without  transmission III radiography (a) and sonography (b) 3 weeks after orthopedic
um profundus tendon (arrow heard). The large bony fragment is
 (dotted arrows) up to the bony fragment. In type IV of Smith [13],
 addition to the lateral X-ray; c: Jersey ﬁnger type V of Al Qattan
rofundus (arrow head) with another fracture of the distal phalanx
terature: the insertion of the long ﬂexor resisted the trauma, but
to  the  ruptured  area;
posterior  acoustic  shadowing  behind  the  rupture  site
(disorganized  injured  ﬁbers  causing  refraction  of  the
ultrasound  beam);
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• hyperechoic  bone  fragment  (even  small)  and  its  shadow;
• it  is  possible  that  the  A4  pulley  looks  too  beautiful  (when
the  interface  between  pulley  and  ruptured  tendon  looks
sharper  than  the  normal  interface);
• sonograms  must  measure  the  rupture,  show  the  location
of  the  retracted  proximal  fragment  and  the  state  of  the
ﬂexor  digitorum  superﬁcialis.
MRI
MRI  (Figs.  10  and  13),  provided  large  coil  arrays  and  ﬁelds
of  view  are  used,  is  very  helpful  to  demonstrate  the  pre-
cise  level  of  retraction  of  the  ﬂexor  digitorum  profundus,
especially  if  the  retraction  is  marked  (type  I).
In  coronal  view,  MRI  shows  a  distended  tendon
‘‘tortuous’’  or  ‘‘whirled’’  (like  a  slackened  rubber  band),
retracted  into  the  palm.
Transverse  (axial)  images  at  the  level  of  P1  demon-
strate  the  continuity  of  the  two  slips  of  the  ﬂexor  digitorum
superﬁcialis,  while  sagittal  images  measure  the  amount  of
retraction  of  the  ruptured  ﬂexor  digitorum  profundus  ten-
don.
During  the  acute  stage,  there  is  effusion  of  the  tendon
sheath  as  well  as  swelling  in  the  soft  tissues  (T2  hypersignal).
Treatment
Early  surgery  is  recommended.
After  some  time  (3  weeks  for  Mansat  and  Bonneviale
[11]),  and  in  case  of  severe  retraction,  conservative  surgery
is  not  possible  anymore.  In  that  case,  treatment  consists
of  tendon  resection  (±  capsulodesis  in  case  of  DIP  instabil-
ity)  or  else  no  treatment  is  given  if  there  is  no  functional
impairment.
In  some  cases,  it  is  possible  to  perform  tendon  grafting
from  the  long  palmaris  muscle  (motivated,  young  or  patients
with  speciﬁc  needs).  Limited  results  have  been  obtained
[20].
Other closed trauma injuries of the ﬂexor
system
Injuries of the ﬂexor digitorum superﬁcialis
tendons
Closed  rupture  of  the  ﬂexor  digitorum  superﬁcialis  has  a
physiopathologic  mechanism  similar  to  the  one  of  an  avul-
sion  of  the  distal  ﬂexor  digitorum  profundus  tendon  but  is
less  common.  It  is  characterized  by  forced  hyperextension
of  the  PIP  during  active  ﬂexion  [16,17].
This  rare  injury  may  be  associated  with  an  avulsion  of  the
palmar  plate  of  the  PIP  and  with  a  concomitant  rupture  of
the  ﬂexor  digitorum  profundus.
Tear of the lumbrical muscleIntermediate  intrinsic  muscles  of  the  hand  consist  of  lum-
bricals  as  well  as  dorsal  and  palmar  interossei.  They  play  an
important  role  in  the  harmonious  and  complete  ﬂexion  and
extension  of  the  four  ﬁngers.
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Tears  in  these  muscles  [21—25]  may  occur  when  the  ﬁn-
ers  are  used  beyond  their  physiological  limits,  usually  by
thletes  (climbers  [24,25])  or  manual  workers  [25].
The  most  common  injury  is  a  tear  of  the  third  or  fourth
umbrical  muscle,  or  both,  typically  when  the  ‘‘single-ﬁnger
rip’’  is  used  (ﬂexed  DIP  and  extended  PIP  of  middle  ﬁnger,
ther  ﬁngers  ﬂexed).
The  two  lumbricals,  each  attached  to  the  two-ﬂexor  dig-
torum  profundus  tendons,  are  ‘‘distracted’’  during  these
symmetric  grips  [25].
Often,  we  may  observe  hematoma  in  the  palm  as  well
s  loss  of  ﬂexion  strength.  Sonograms  can  help  exclude
njuries  to  the  ﬂexors  tendons  and  can  orient  the  diagnosis
owards  lumbrical  muscle  injury  by  looking  for  the  follow-
ng,  often  hard  to  see,  signs:  swollen  lumbrical  muscle,  pain
hen  pressed  by  the  transducer,  discrete  effusion  of  the
exor  sheath  without  any  abnormality  on  the  underlying
endons.
While  sonography  and  clinical  ﬁndings  can  suggest  this
ype  of  injury,  only  MRI  can  conﬁrm  the  diagnosis  (Fig.  15).
pen trauma injuries of the ﬂexors:
njuries on the palmar aspect of the
ngers
pen  lesions  appear  in  very  different  forms  and  are  there-
ore  more  complex.
Unlike  closed  trauma  injuries  that  have  only  a  limited
umber  of  forms,  open  trauma  injuries  (usually  due  to  knife
ounds  or  broken  glass)  are  characterized  by  multiple,  often
omplex,  injuries.  Several  tendons  may  be  injured,  and  vas-
ular  and  nervous  lesions  may  be  associated.
Sonography  manifestations  are  similar  to  those  of  closed
njuries:
focal  interruption  of  the  ﬁbrillar  echo  structure  of  the
tendon;
pulley  that  looks  ‘‘too  beautiful’’;
‘‘asynchronic’’  movement  of  proximal  and  distal  tendon
ends  during  dynamic  ultrasound;
little  effusion.
The  topography  of  the  injuries  is  different;  ﬂexor  digi-
orum  superﬁcialis  injuries  are  more  frequent  (Fig.  16),  but
‘anything’’  is  possible  (Fig.  17).
Sonography,  and  particularly  dynamic  sonography,  can
dentify  whether  the  tendon  rupture  is  complete  or  partial,
he  size  of  the  rupture  and  the  level  of  retraction  of  the
roximal  fragment  (according  to  the  International  Federa-
ion  of  Societies  for  Surgery  of  the  Hand,  Fig.  18).
Sonography  must  also  be  performed  to  look  for  associated
esions  (Fig.  19) and  for  interdigital  nerve  injuries  (nerve
nterruption  at  the  initial  acute  phase,  or  neuromas  that  may
ppear  as  fusiform  thickenings  when  lesions  are  semi-recent
r  chronic).
Sonographic  diagnosis  gets  more  difﬁcult  if  the  tendon
njury  is  assessed  long  after  the  trauma  has  occurred.  Fibro-
is  may  have  occurred,  with  adhesions  from  the  ruptured
endon  to  the  adjacent  tendon  or  to  the  ﬁbrous  sheath.
lthough  difﬁcult,  it  is  important  to  perform  dynamic  sonog-
aphy:  active  and  passive  ﬂexion  of  the  ﬁngers,  isolated
assive  ﬂexion  of  the  distal  interphalangeal  with  extended
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Figure 15. Lumbrical muscles tears: a: the 3rd and 4th medial lumbricals (L) each attaching to the two ﬂexor digitorum profundus tendons
(FP) undergo scissor-like movements and may tear during asymmetric grasping (for instance in ‘‘single-ﬁnger’’ grips during climbing); b and
c: MRI sequences Fat Sat PD, coronal plane (b) and transverse plane (c) s
4th lumbrical muscles, effusion of the adjacent ﬂexor sheath, and discre
Figure 16. Knife wound on the metacarpophalangeal joint in
the ring ﬁnger (sagittal plane); Due to its topography, the ﬂexor
digitorum superﬁcialis (FS) is easily exposed to open wounds; the
proximal tendon end is retracted (*) at the level of the distal third of
the metacarpal; discrete hypoechoic hematoma inside the tendon
sheath distally to end of the tendon.
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differentiate  between  articular  stiffness  (frequent  after
immobilization  and  characterized  by  limited  active  and  pas-
sive  movements)  and  adhesions,  where  passive  mobilization
is  possible.how the torn 3rd and 4th lumbricals: diffuse hyperintense 3rd and
te ‘‘bloody’’ inﬁltration from adjacent soft tissues (**).
roximal  interphalangeal  (to  move  the  ﬂexor  digitorum  pro-
undus  and  superﬁcialis  each  independently).
Sonography  is  also  valuable  for  the  follow-up  of  repaired
endons.
Sutured  tendons  are  usually  larger  (hypertrophic  scar-
ing)  than  native  tendons  and  the  suture  threads  are  visible
Figs.  20  and  21).
Dynamic  ultrasound  detects  adhesions  between  the  ten-
ons,  or  with  the  ﬁbrous  sheath  and  helps  detect  repeated
uptures.
Finally,  the  initial  clinical  examination  is  useful  to
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Figure 17. Injured right ring ﬁnger at the level of the 2nd phalanx: a: on the injured ﬁnger, sonogram (transverse axial plane) shows
ruptured radial slip of the ﬂexor digitorum superﬁcialis (?) and the radial half of the ﬂexor digitorum profundus (*?); b: unaffected ﬁnger
(for comparison sake) shows the distal portions of the slips of the ﬂexor digitorum superﬁcialis (FS) forming a concave gutter under the
ﬂexor digitorum profundus tendon (FP).
Figure 18. Topographic classiﬁcation of ﬂexor tendon lesions of the ﬁngers according to the International Federation of Societies for
Surgery of the Hand. The classiﬁcation makes it possible to indicate the retraction level of the proximal tendon end.
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Figure 19. Palmar digital nerve injury (ulnar) in the ring ﬁnger. Sonography; parasagittal plane (a), and transverse axial plane (b); two
weeks after injury, neuroma in the palmar digital nerve, with hypoechoic fusiform thickening (dotted lines and arrows) in continuity with
the nerve (arrows).
Figure 20. Flexor injury, ring ﬁnger, sutured 2 months earlier; limited passive and active movements. Axial plane (a) and sagittal plane
(b) show tendon scarring markedly thickened (dotted double arrow) due to hypertrophic scarring. Suture threads are visible (arrows) in
the tendons that remain ﬁbrillar; dynamic movements show joined ﬂe
movements during isolated P3 passive ﬂexion), and problem of tendon m
Figure 21. Repeated rupture of the ﬂexor digitorum profundus
of the 2nd ﬁnger 30 days after surgery. The suture thread (arrow
heads) are in a hypoechoic non ﬁbrillar injured tendon area (**); the
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adequate  orthopedic  or  surgical  treatment.roximal tendon end (dotted line) remains attached to the thread
ut does not move normally anymore during dynamic movements.
onclusionlosed  injuries  of  the  ﬁngers  cause  well-deﬁned  ﬂexor
njuries:  pulley  ruptures,  rupture  of  the  ﬂexor  digitorum
a
txor digitorum superﬁcialis and profundus tendons (no dissociated
ovement under the pulleys due to adhesions.
rofundus  from  its  distal  attachment  (‘‘jersey  ﬁnger’’),  and
ess  frequently,  rupture  of  the  ﬂexor  digitorum  superﬁcialis
nd  of  the  lumbrical  muscles.
In  2015,  sonography,  having  the  advantage  of  being  inex-
ensive  and  widely  available,  provides  excellent  deﬁnition
nd  dynamic  images,  and  is  therefore  the  best  imaging
odality  to  associate  with  the  clinical  examination  and
tandard  radiography.
MRI  with  a  large  ﬁeld  of  view  is  particularly  useful  to
ndicate  the  location  of  the  proximal  tendon  end  in  severe
etractions  (type  I jersey  ﬁnger)  and  to  conﬁrm  tears  of  the
umbrical  muscles.
Sonography  is  also  a  valuable  additional  imaging  tool  to
ssess  open  trauma  injuries.  But  the  task  is  here  more  com-
lex,  since  open  injuries  vary  more.  Tendons  may  be  torn  in
everal  locations,  the  locations  may  be  unusual,  the  lesions
ay  be  associated  to  nerve  and  vascular  lesions,  ﬁbrosis,
dhesions  and  stiffness  in  the  chronic  phase.
Diagnosis  by  sonography  requires  a  thorough  knowledge
f  the  anatomy  of  the  ﬁngers  and  dynamic  imaging.  Espe-
ially  since  an  accurate  and  early  diagnosis  is  key  to  planIf  early  treatment  is  not  well  planned,  ﬁbrosis  and
dhesions  may  occur,  which  makes  ‘‘anatomical’’  surgical
reatment  for  complete  functional  restoration  impossible.
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Take-home  messages
• It  is  essential  to  know  the  anatomy  of  the
ﬂexor  system  perfectly  well:  the  double-juxtaposed-
bundle  look  of  the  ﬂexor  digitorum  profundus
tendon,  the  ﬂexor  digitorum  superﬁcialis  and  its
two  slips  that  spiral  around  the  ﬂexor  digitorum
profundus,  the  ﬁbrous  digital  sheath  and  its  annular
pulleys.
• Traumatic  injury  to  the  A2  pulley  is  the  most  frequent
injury;  a  gap  between  phalangeal  cortex  and  ﬂexor
tendons  greater  than  1  mm  (at  rest)  that  increases  in
resisted  ﬂexion  is  a  sign  of  pulley  rupture.
• The  ‘‘jersey  ﬁnger’’  is  the  most  frequent  indirect
tendon  injury  of  the  four  ﬁngers  and  involves  a
rupture  of  the  distal  insertion  of  the  ﬂexor  digitorum
profundus  at  the  basis  of  P3.  The  level  of  retraction
must  be  accurately  identiﬁed.
• On sonograms,  the  signs  of  tendon  injuries  are:
focal  interruption  of  the  ﬁbrillar  echo  structure  of
the  tendon,  asynchronic  movement  of  tendon  ends
during  dynamic  imaging,  ‘‘too  beautiful’’  A4  pulley,
hypertrophic  retracted  proximal  tendon  end.
• Open  injuries  of  the  ﬂexor  system  are  much  more
varied  and  less  standard  than  closed  trauma  injuries:
complete  or  partial  rupture  of  any  part  of  the  ﬂexor
tendons,  associated  vascular  and  nervous  lesions.
• Early  and  accurate  diagnosis  is  essential,  since
ﬁbrosis  and  adhesion  may  occur  very  rapidly  (one  or
two  weeks  later)  making  complete  repair  by  surgery
Figure 23. Sonogram of ﬁnger: a: sagittal plane of palmar aspect
of the metacarpophalangeal joint; b: axial plane of the ring ﬁnger
at the level of P1; c: axial plane of the ring ﬁnger at the level of the
4th metacarpal head (M). FS: ﬂexor digitorum superﬁcialis tendon;
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Rimpossible.
Clinical case
Thirty  year-old  woman,  veterinarian,  injured  herself  with
a  scalpel  (open  injury  on  the  palm  side  of  the  ring  ﬁnger).
The  initial  clinical  examination  performed  by  the  surgeon
was  considered  normal.  Two  months  later,  she  returns  with
impaired  ﬁnger  extension  (Fig.  22).  Sonography  was  per-
formed  (Fig.  23).
Figure 22. Clinical presentation. Impaired extension in ring ﬁn-
ger.
1
2
3
D
TP: ﬂexor digitorum profundus tendon.
uestions
)  Describe  the  sonographic  manifestations.
)  What  is  your  diagnosis?
)  How  do  you  explain  the  impaired  extension  observed
later?
esponses
)  a)  Palm  side  of  the  metacarpophalangeal  joint  (sagittal
plane):  hypertrophic  tendon  end  (**),  retracted  at  the
proximal  part  of  pulley  A1,  and  ‘‘stuck’’  on  the  proximal
side  of  pulley  A1  during  dynamic  movement.  b)  ring  ﬁn-
ger  at  the  level  of  P1  (axial  plane):  the  radial  slip  of  the
ﬂexor  digitorum  superﬁcialis  tendon  (arrow)  is  not  visi-
ble.  c)  ring  ﬁnger  at  the  level  of  the  metacarpal  (axial
plane):  hypertrophic  tendon  end  (**)  proximally  to  pulley
A1  corresponding  to  the  radial  slip  of  the  retracted  and
hypertrophic  ﬂexor.
)  Rupture  of  the  radial  slip  of  the  ﬂexor  digitorum  superﬁ-
cialis.
)  The  extension  dysfunction  that  appeared  later  is  due  to
the  retraction  and  the  hypertrophic  scarring  of  the  ten-
don  end  proximally  to  pulley  A1.isclosure of interest
he  authors  declare  that  they  have  no  competing  interest.
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